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IntrtxtucfSon 

The  bonding  between  reinforoems:  t  and  matrtx  In  a  composite 
Invotvea  a  mlcroscopk:  Interphase  region  ihat  is  gerteraly  composed 
of  a  polymer  network  formed  by  midBir/ef  bdkhjp  of  a  couplng 
agent  attached  to  ttte  surface  of  the  l&er  Into  which  ihe  matrtx  can 
propagate  and  bond.  The  main  putpcse  of  the  IrAerpIteae  Is  to 
provide  a  structural  lattice  that  w«  akn-r  tor  good  energy  transfer 
from  the  matrbr  to  the  relnforcemeot'  The  Interphase  plays  a 
dominant  role  In  the  fracture  toughness  properties  o*  oompoaHes  end 
in  their  response  to  aqueous  and  corrc  slve  envirorxnents.  Beirtg 
able  to  develop  taHorod  Intsrphases  wf«l  allow  control  of  composite 
properties  to  optimize  strength.  moOufus.  and  tougfwess. 

Our  coTKaptuai  approach  is  based  on  beir>g  able  to  taSor  the 
formation  of  tha  Interphase  by  covatentiy  "rtaching  compoutKtstc  the 
surface  of  glass  that  are  capable  of  lri'Jatlr»g  the  polymerization  of 
various  monomers.  Here  wo  r^x>r.  the  synthesie  of  rwvel 
benzylsulfonlum  salts  capable  of  InWc'ing  the  polymertza*on  of 
cationicaOy  active  monomere.  Similar  silts  have  been  exterwiv^ 
explored  as  thermal  cationic  Initiators  of  spfro  orthocsirbonates  snd 
bicycio  orthoesters.* 
epoxy  resins.*  styrene.* 
and  vinyl  ethers.*^'  The 
general  structure  of  the 
surface  active  initiator 
Investigated  la  shown  in 
Rgure  1. 

Experlmantal 

Tha  general 
procedure  for  the  synthesia  of  the  ber^ytaulforAim  salt  IrtBlators 
(surface  active  (7),  surface  Inacttve  (6})  is  outtned  In  Scheme  1. 
Isolated  yfelds  on  Intenr^xfiates  1-6  war  a  al  above  90  %.  **0  NMR 
cpectra  ^  the  products  are  shown  in  R^ure  2.  Surface  couplng  of 
7  with  siQca  gel  (surface  area  h  500  rr.Vg)  gave  25  %  by  weight 
(TQA)  add-on  of  sulfonlum  salt.  '*C  CP\tAS  and  "SI  CPMAS  sold 
state  NMR  conllnned  tha  presence  of  7  on  the  surface  (Rgure  3). 
Charedertzation 

Thermal  analysis  was  profonned  s-sir>g  a  TA  Instruments  SOT 
2960  (TQA)  and  DSC  2920,  controlled  -sing  a  TA  Thermal  Analyst 
2100.  TGA’s  were  am  at  a  healing  rsta  20  ‘CAnln  in  air  or  N,. 
DSC's  were  run  at  1 0  'C/mln  with  nitrogc  n  purge.  Solution  ”C  NMR 
were  preformed  on  a  Bojker  AC-200  w!  Ha  sold  state  ’*C  CPMAS, 
and  "SI  CPMAS  wore  nm  on  a  Sruker  MSL-4(X). 

RaauBa  and  Diecusskjn 

The  ability  of  un-bound  (6)  and  liBca-bourtd  sulfonium  salt 
(SbF,-elllca)  to  initiate  polymerization  of  epoxy  compounds  was 
Investigated  by  DSC.  The  epoxy  resin  used  was  Dow^  DER  324 
resin  (DQEBA  based).  Figure  4  shows  the  DSC  thermograms  for 
DER  324  wtth  1 .0  wt%  6.  Heatif>g  the  sample  to  300  *C  gave  two 
exotherms,  one  at  100  *C,  the  other  at  240  "C  with  roughly  equtf 
heat  liberated  (DER  324  showed  no  transitions  when  run  without 
initator).  Tha  first  exotherm  is  befieved  to  be  due  to  the  callonic 
Initiation  and  partlai  pdymerlzatlon  of  the  epoxy  groups.  As  the 
sample  vitrifies  and  the  temperature  InoreaM,  the  cationic 
mechanism  is  terminated  aiKl  no  more  reaction  occurs.  At  hi^^r 
temperature,  further  reaction  can  take  place  through  etheilficalion  to 
complete  the  conversion  of  the  epoxy  groups. 

The  Tg  of  this  sample  was  found  on  the  aeoond  run  to  be  & 
*C,  and  did  not  Increase  after  repeated  heating  cydee  to  300  *C. 
FTIR  analysis  of  the  DSC  sample  Indicated  a  high  degrae  of 
conversion  as  Indicated  by  disappearance  of  the  epoxy  stretch  at 
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Scheme  1:  Synflwela  o(  benrylaufcitium  sate 
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Figure  2:  '*C  NMR  of  prorfr^  In  Scheme  1.  Al  apeeba  run  ht 
CDC^  excep(4  (HjO,  D,-OKSO  bwer^. 


915  cm  '. 

Anion  exchar.ga  to  s'’*''®  ^  non-:  _-daophfisc  csxjr.tonon  is 
'.ac-osoary  In  order  to  have  an  ecshre  i  tator.  Exchangw  of  the 
bromide  form  of  the  sa.T  on  the  sorfacc  {Br-siaca)  was  done  In  a 
:7iannor  similar  to  that  by  4.  njura  5  she  .ia  the  DSC  thermograms 
for  Br-sfitoa  and  SbF,-siIJca  wfth  DER  394  (38  %  »kJ  40  %  sOca, 
v'rt>.'1  fBspoctlvef'/).  S&F,-«iaca  whh  DE"i  324  showed  one  major 
exotherm  cert  fared  at  215  *0  and  a  broai,  shaitow  exothOTn  at  145 
°C  liberating  a  total  heat  of  391  J/g  epory  (correct^  lor  the  woighi 
of  the  sIBca  In  the  sampfo).  FTIH  enaJyt  3  of  this  aampla  trxflcatad 
high  conversfeo.  The  Br-«iaca  wJy  thowed  the  lower,  breed 
oxotherm  and  the  absorption  for  the  epc  y  t1r>g  was  stsTI  observable 
in  the  IR  spectrum  of  this  sample. 

CH 


PJgtae  3:  SoW  stats  “C  CPUAS  (botSem.)  and  "SI  CPMAS  (tort 
nun  at  surface-bound  sutfonlum  aaJL 


TEMPERATURE  t 

PTOureS:  DSC  Ownnograms  for  DER  324  w«h  1.0  wtK  6. 

The  reduction  of  the  lower  exotherm  for  SbF,-eaca/DER  324 
relative  to  that  seen  for  un-bound  IrtMatcr  bxflcates  Interference  by 
the  silica  with  the  cationic  mechanism  of  polymeitzatlon.  FT1R  and 
”SI  soQd  stats  NMR  IncScats  the  preserce  of  surface  St-OH.  The 
influence  that  surface  hydroxyls  have  ort  the  abOity  of  the  sulfonlum 
salts  (bound  end  un-bound)  to  potymerlzn  epoxies  was  Investioaled 
by  DSC  with  samples  cf  unmodified  silica  30%  wVwt  (dried  24h 
at  120  ’C  under  vacuum)  and  DER  324  with  1.0  wt  %  6.  Two 
exotherms  (DSC  not  shown)  were  seen  t  ut  both  transitions  Iberated 
less  heat  than  expected  for  (x>mt^<<8te  conversion  (225  J/g  epoxy  vs. 
470  J/g  epoxy  from  Rgure  4).  The  le  ver  temperature  transition 


TEMPERATUFC  *C 

Rgure  5:  DSC  1hennognur.a  for  DER  324  end  staface-bound 
ndfonfum  aaSs. 

showed  the  greatest  reduction  (33.4  J/g  epoxy  in  the  presence  of 
unmocMied  sdtea  vs  222  J/g  opoxy.  Figure  4).  It  is  assumed  that 
afther  absorbed  moisture  not  .'amoved  In  the  drying  process  snd/or 
surface  hydroxyls  interlers  wXh  the  Mtlai  raection.  kMng  the  cationic 
polymeitariion  (as  bKaceted  by  the  reduction  In  the  lower  transition). 
However,  enough  epoxies  react  Mtlaly  to  alow  (or  the  higher 
temperature  reaction.  The  Br-eMca  doesnl  aBow  (or  either 
propegatkjn  mechanism  to  occur.  Finally,  unmodified  slHca  with 
resin  (no  Initetor)  has  a  DSC  thermogram  aJmlar  to  the  Br-siHca 
showing  no  upper  exotherm,  and  no  reduction  In  the  epoxy  stretch 
at  915cm''  altar  heating  to  293  *C. 

Conefuafons 

The  suSonlum  salt  initetor  (8)  has  been  shown  to  curs  the 
DGEBA  resin  to  high  conversion  upon  heeling  to  300  *C.  In 
addnon.  the  surface  bound  Inltator  with  8bF,‘  counterion  wfli  also 
cute  the  epoxy  resin  to  a  high  degrae  of  convofsion  whereas  the  Br 
form  wfl  not  Quantltaflvo  detenrrinatfon  of  axtont  of  cure, 
mechaniam  for  each  cure  stags,  and  overal  surface  concentration 
effects  is  being  investigated. 
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